Rabbits were irradiated with 400 to 600 rads 2 to 3 days before they were infected with BCG or with virulent tubercle bacilli. Biopsies were periodically removed from the resulting lesions and incubated for 1 hr with 3H-thymidine in vitro under hyperbaric oxygen. Twelve to 16 days after radiation there was a reduction in the percentage of mononuclear cells (macrophages and some lymphocytes) that had incorporated 3H-thymidine in the lesions. At this time, the lesions of the irradiated group were smaller than those of controls. These results can be explained by the reduction in the number of new mononuclear cells that entered the lesions of the irradiated group and support the tenet that local mononuclear cell division occurs mainly in cells that have recently emigrated from the blood stream. An alternate, but less likely, explanation of these results would be that radiation caused the bone marrow to release a higher percentage of "defective" mononuclear cells that were unable to divide, i.e., incorporate 3H-thymidine, in the lesions. The reduction produced by radiation in both local cell infiltration and local cell division would decrease the number of macrophages available to control the tuberculous infection in the host.
Rabbits were irradiated with 400 to 600 rads 2 to 3 days before they were infected with BCG or with virulent tubercle bacilli. Biopsies were periodically removed from the resulting lesions and incubated for 1 hr with 3H-thymidine in vitro under hyperbaric oxygen. Twelve to 16 days after radiation there was a reduction in the percentage of mononuclear cells (macrophages and some lymphocytes) that had incorporated 3H-thymidine in the lesions. At this time, the lesions of the irradiated group were smaller than those of controls. These results can be explained by the reduction in the number of new mononuclear cells that entered the lesions of the irradiated group and support the tenet that local mononuclear cell division occurs mainly in cells that have recently emigrated from the blood stream. An alternate, but less likely, explanation of these results would be that radiation caused the bone marrow to release a higher percentage of "defective" mononuclear cells that were unable to divide, i.e., incorporate 3H-thymidine, in the lesions. The reduction produced by radiation in both local cell infiltration and local cell division would decrease the number of macrophages available to control the tuberculous infection in the host.
Previous reports from our laboratory showed that rabbits irradiated with 400 to 500 rads and then vaccinated intradermally with BCG had smaller lesions and smaller tuberculin reactions than controls when examined 2 to 3 weeks afterwards (4). They were smaller because fewer cells infiltrated the sites (4, 7, 11, 12) . The first part of this report confirms these observations in dermal lesions and extends them to pulmonary lesions caused by BCG and virulent bacilli.
The macrophages in tuberculous lesions of the irradiated group contained more bacilli (4) , which may be due to an impairment of their microbicidal and digestive abilities. It may also be due to less cell infiltration and less local cell division, both of which would decrease the number of macrophages available to handle the infection. The second part of this report shows, by means of 3H-thymidine and autoradiography, that radiation decreases cell division within tuberculous lesions.
MATERIALS AND METHODS
Random-bred New Zealand white rabbits of both sexes, about 2.5 kg in weight, were divided into two groups. One group received whole body radiation of 400 to 600 rads (depending on the experiment) from a 2-Mev Van de Graaff unit (4) . The other group served as controls. Two to 3 days later both groups were either infected with virulent bovine tubercle bacilli (Ravenel strain) by the airborne route (2) (Table 1) .
The Ravenel strain was cultured on Dubos-Middlebrook Tween-albumin liquid medium and aerosolized in a modified Henderson apparatus (2) . The dose of bacilli inhaled by each rabbit was calculated from its weight and from samples of the aerosol collected by a liquid impinger and cultured on blood-agar (2). BCG was maintained on Lowenstein-Jensen's egg medium (4) . For injection, a 6-day culture was ground in a mortar with a small amount of sodium taurocholate and suspended in 0.1&C oleic albumin complex (OAC) for injection (4) . The dose injected was determined by plating Lowenstein-Jensen's medium with a sample of serial dilutions made in OAC.
Tuberculin tests were performed by injecting intradermally 0.1 ml of a 1: 10 dilution of Old Tuberculin. They were read 48 hr later.
Both the dermal BCG lesions and tuberculin reactions were measured with calipers (4). Length times width times double thickness times 0.2 gave their volume in cubic millimeters (4 (Table 1) .
Nine to 16 days after radiation, the dermal BCG lesions and tuberculin reactions in the irradiated rabbits were smaller than those in the unirradiated controls ( Table 2 ). The pulmonary lesions of the two groups showed similar differences ( Table 2 ). These findings indicate that radiation reduced MN infiltration during the preceding period, as the number of MN per unit volume of BCG lesion was the same in irradiated and control rabbits (4).
Twelve to 16 days after whole body radiation there was a decrease in the incorporation of 3H-thymidine by MN in tuberculous lesions produced by both BCG and virulent bacilli ( Table 3 ). The decrease in 3H-thymidine incorporation at 2 weeks was statistically significant in five of the seven experiments, and the other two experiments showed the same trend.
Five weeks after radiation a significant increase in 3H-thymidine incorporation by MN occurred in the dermal BCG lesions of two experiments, but the reverse occurred in the dermal lesions of a third experiment (Table 3) . Some of the variations observed among these experiments may be due to differences in the dose of live and dead bacilli injected and seasonal changes in the rabbit stock.
The MN incorporating 3H-thymidine were in the peripheral areas of the lesion. The MN in the centers were usually necrotic, and many near the centers were undoubtedly dying. These findings are consistent with the interpretation that newly arrived MN were the cells that incorporated 3H-thymidine.
3H-thymidine-labeled MN rarely contained tubercle bacilli. Only one or two such cells were found in all the experiments herein reported. This finding has two interpretations. (i) The presence of intracellular tubercle bacilli inhibited MN division or (ii) intracellular bacilli were present only in older, more centrally located MN which do not divide.
Biopsies of 48-hr tuberculin reactions were made in two experiments. Between 1 and 3 weeks, the number of MN present in these reactions was reduced by radiation, since these reactions were smaller in the irradiated group (Table 2 ; reference 4). However, the percentage of 3H-thymidine-labeled MN was not changed (Table 3) . These results are explained below.
DISCUSSION
In a previous report from our laboratory, MN (mostly macrophages) in BCG lesions of 11,600 ± 600 3,300 4 400 11,100 I 1,300 3,700 ± 500 6,600 ± 500 1,800 ± 300 irradiated rabbits, 2 weeks after radiation with 400 to 500 rads, were shown to contain more bacilli than those of unirradiated controls (4) . Their increased bacillary content may be due to less MN local division and infiltration, or it may be due to deficient MN bactericidal or bacteriostatic capacity, or both. The studies reported herein employed 3H-thymidine to elucidate further the effect of whole body radiation on tuberculosis. Biopsies of tuberculous lesions and tuberculin reactions were incubated in vitro with 3H-thymidine under hyperbaric oxygen. Such in vitro incubation eliminated the possibility that the cells studied were labeled elsewhere [e.g., in the bone marrow (10; A. Volkman, Ser. Haematol., in press) or in the blood stream] and then migrated into the local lesion.
Twelve to 16 days after radiation with 400 to 600 rads, a decreased percentage of 3H-thymidine-labeled MN was present in tuberculous lesions of most experiments (Table 3) . At this time, the number of infiltrating MN was reduced by radiation (Table 2 ; references 4, 7, 11,12), because the production of macrophages by the bone marrow was reduced (8, 12) . It is mainly recent immigrants that divide locally (8, 9; Shima et al., in preparation; Dannenberg et al., in preparation), and a reduction in the number of such immigrants would leave an older resident population with less propensity for division. Therefore, the radiation-produced reduction in the 3H-thymidine labeling index of local MN could be due to the decreased infiltration of new cells and not due to a decreased mitotic rate of the local residents.
The MN released by bone marrow 2 weeks after radiation may be normal in their capacity to divide in inflammatory sites. In 48-hr tuberculin reactions elicited at this time, the 3H-thymidine labeling index of local MN was the same in both irradiated and control rabbits. 
